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Directed by Dr Darwin Dahl 
Department of Chemistry Western Kentucky University 
The purpose of this project was to develop a comprehensive analytical method for the 
characterization of soil by examining particle size? elemental composition, and percent organic 
matter in soil, and to determine its forensic applicability. In this study, five soils of varying 
geological locations were examined including two samples from Kentucky; two samples from 
Pennsylvania; and one from Washington D C A Gilson sonic sieve shaker was used to 
separate fractions of soil to determine particle size, and a JEOL scanning electron microscope 
with a Kevex EDS detector was used to determine elemental composition. These techniques 
coupled with percent total carbon analysis (determined with a LECO CHN-1000) provide a 
method that measures three forensic properties instead of one for the forensic comparison of 
soil. 
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I. INTRODUCTION 
In the investigation of crime, many forms of evidence are considered for analysis 
including fingerprints, blood samples, and gunshot residue, to name a few. However, one 
form of forensic evidence that gets little attention is the examination of soil. Soil samples 
from two distinct geological locations have one or more properties which can be used to 
distinguish soils from one location to another. Therefore, if a soil obtained from a suspect 
is found to have similar properties to the soil at the crime scene, it is likely the suspect soil 
came from the same location. This type of analysis is done by comparing one or more 
properties that are distinctive in different soils.1 
A. Soil Definition 
To know which properties of soil to examine, an understanding of soil composition 
is needed. Many different definitions of soil are reported. However, an ideal comprehensive 
definition of soil does not exist. The best definition of soil, determined through various 
research, defines soil as freely divided material derived from rocks and containing an 
admixture of inorganic and organic compounds capable of supporting vegetation.1 It is also 
important to remember that soil exists as natural independent bodies each having a unique 
morphology resulting from a combination of climate, living plants and animals, parent rock 
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material, ground water, and age. Soil in the Earth's crust is divided into layers known as 
horizons. Each horizon is distinctive and differs in one or more of the following properties: 
color, structure, particle size, inorganic composition, organic composition, etc. These and 
other properties are used to characterize or classify different soils.1 To classify or 
characterize soils one must know its specific composition. The four major components of 
soil (organic matter, inorganic matter, water, and air) vary in proportion from place to place 
and thus provide the means for differentiation.2 
B. Forensic Soil Analysis 
Early forms of soil characterization methods were based on the relative suitability 
for crops such as rice, wheat, and vineyards. The first American classification system was 
based on the underlying nature of the rock material. In 1965, the U. S. Department of 
Agriculture began classifying soils based on a system of six categories consisting of soil 
order, suborder, great group, subgroup, family, and series.1 
The forensic analysis of soil dates back to 1893 when Hans Gross first suggested it 
in his book Handbook for Examining Magistrates. In this publication, Gross proposed that 
soil from a shoe could indicate the last whereabouts of the wearer. The year 1910 marked 
the beginnings of forensic geology at the Edmond Locard Laboratory in France. In 1935, 
the FBI started studying the field of forensic geology. Publications such as Crime 
Investigations (1952), Particle Atlas (1967), and Forensic Geology (1975) have also 
contributed to the field of forensic soil analysis.3 These advancements have led to many 
different forms of soil analysis ranging from the simple (color tests) to the sophisticated 
(laser analysis). 
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The most common forms of soil analysis used in today's forensic laboratories are soil 
color tests and density gradient methods. A standard color test involves the use of the 
Munsell color chart which has been proven to be a good means for discriminating ashed 
soils. The same study also examined the color of wetted soil which produced poorer 
results.4 The density gradient method involves separation of soil particles based on their 
different densities, accomplished by adding a sample to a column filled with liquids of 
different densities. Both are easy to perform and have been applied in forensic analysis. 
However, the density gradient method has many limitations, and by itself does not represent 
a sufficient form of forensic analysis. Less commonly used forms of analysis include 
techniques such as emission spectroscopy, atomic absorption, and neutron activation 
analysis.2'5 
C. Particle Size Techniques 
Another form of soil analysis is the determination of the particle size distribution of 
soil. Particle size analysis dates back at least twenty-five years and provides good 
reproducibility for soil samples.2 Over the years, several techniques for determining particle 
size have been developed including dry and wet sieving, a hydrometer method, and a pipette 
method.6 Particle size analysis can be used as a comparison method, and in some cases can 
be of evidential value. Over the years, several methods have been developed to characterize 
a soil's particle size distribution. J. K. Singer and coworkers described several ways to 
determine particle size including an electrozone particle counter, Malvern laser sizer, and 
a hydrophotometer.7 Methods of Soil Analysis (1965) also gives detailed discussions about 
classical techniques used in particle size analysis.6 G. D. Buchman and coworkers described 
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several mathematical relations such as the Jaky one parameter model in which the following 
equation was used in determining grain size distributions in sediments. 
S = exp {- 1/p2 [In (d/d0]2} 
Where S is the cumulative mass of particles with equivalent diameter < d, p is a particle 
size distribution index characterizing the stretching of the curve, and d0 represents the largest 
diameter. The S parameter takes on the sigmoid shape of the left-hand half of a Gaussian 
lognormal curve. D. Buchman and coworkers discussed several other mathematical methods 
just as complicated as the Jaky method.8 There have also been several ASTM methods 
developed based on different forms of sieve analysis including wet and dry sieving 
techniques along with standard preparation methods.9"11 Of these forms of analysis, sieve 
analysis seems to be a popular choice for forensic analysis. The reason for this choice is 
probably due to its ease of operation. R. J. Dudley showed that particle size distributions 
of sand and silt fractions appear to be a powerful tool used in soil comparison based on 
geographical location.12 J. Robertson stated in another study that sieving was more ideal 
for analysis of the sand fraction of soils and Coulter counters were more ideal for analyzing 
the silt and clay fractions of soil. In sieve analysis there are two fundamental methods, wet 
sieving and dry sieving. Robertson found in his study that samples that were wet sieved gave 
more reproducible results than samples that were dry sieved.13 One reason for this is the 
formation of aggregates in soils. Aggregates are soil particles composed of smaller soil 
particles usually bound together by organic matter and clay particles. Thus, dispersion of 
the soil is important to determine accurate particle sizes.5 
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D. Elemental Techniques 
Another form of forensic soil analysis involves determining the elemental 
composition of soils or qualitative analysis. When collecting soil for qualitative forensic 
analysis, one must consider the depth from which the soil originated. This detail is 
important since elemental composition changes with depth. In determining elemental 
composition, three types of elements are detected (major, minor, and trace elements). Major 
elements are those elements that make up 10% or more of the soil's composition. Minor 
elements make up 1-10% of the soil's composition, and trace elements make up less than 
1 % of the soil's composition.14 The major and minor elements found in most soils are 
oxygen, silicon, aluminum, iron, potassium and calcium, and are not useful in forensic 
analysis. Elements such as tin, copper, zinc, lead, and mercury are rarely found in the earth, 
and are more useful in distinguishing one soil from another.5 
Several instrumental methods have been used to characterize soil through 
qualitative and quantitative analysis such as atomic absorption and neutron activation 
analysis. Chemical Criminalistics discusses methods including differential thermal analysis, 
thermal luminescence, and electron microprobe which have also been used in forensic 
analyses of soil.2 One instrument that has received little attention for forensic analysis of 
soil is the scanning electron microscope (SEM). The SEM dates back to 1935 and became 
commercially available in 1965. The SEM has been commonly used for high resolution 
three dimensional imaging. However, a SEM with an energy dispersive spectrometer (EDS) 
can be used for qualitative analysis of soil. When a beam of electrons strikes the soil, 
characteristic x-rays of the elements present are produced. When the characteristic x-rays 
reach the EDS detector, they are counted and converted into a computer signal, and a 
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spectrum of the elements present is produced. All elements except those smaller than 
beryllium can be detected. EDS systems can also be used for quantitative analysis, but they 
are tempered by relatively unresolved peaks which lead to unresolved spectral interferences, 
poor signal- to- background ratios, and poor detection limits (about 0.1%). An accelerated 
voltage of 15 kV or more is used so that all element lines possible for a given element are 
detected within a range of 0.1-10 keV.14 Although SEM is used frequently for qualitative 
analysis, it has not been the focus of many forensic research articles. Polarized light 
microscopy, on the other hand, has been the topic of many forensic articles including those 
written by W. J. Graves, Walter McCrone, Carol Dell, and Nicholas Petraco.1518 These 
scientists used polarized light microscopes to determine which minerals were present to 
verify a soil's geological origin. However, E. H. Sild and coworkers claim that, since 1975, 
the scanning electron microscope has been used in a hundred cases by the Center of Forensic 
Sciences. Sild and coworkers cited several examples in which elemental analysis on an 
SEM was found helpful in the eventual capture of criminals.19 Another article by David 
Smale showed that the scanning electron microscope could use x-ray microanalysis to 
examine paint chips, glass, and soil, and determine the origin of the samples through 
comparison.20 SEM can also be used for morphological analysis due to its high resolution 
imaging. F. Fitzpatrick and coworkers demonstrated this form of analysis through the 
forensic examination of sand samples. The sand grains were distinguished based on their 
roundness, shape, and sphericalness.21 On the other hand, an EDS detector often experiences 
poor resolution which leads to unresolved spectral interferences, poor peak to background 
values, and poor detection limits. Only elements with higher atomic numbers than beryllium 
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can be detected by an EDS detector. All other elemental x-rays are absorbed by the Be 
window on the detector.14 
E. Organic Techniques 
Another form of analysis which receives little attention in forensic chemistry is the 
organic analysis of soil samples. There are many forms of organic matter in soil including 
carbohydrates, saccharides, lipids, amino acids, sugars, peptides, and humus just to name 
a few.2 These compounds come from decomposed animal and plant tissue and 
microorganisms that live in the soil.1 Most soils contain less than 5% organic matter except 
for organic soils which are soils that contain more than 20% organic matter.1 
One method used to determine total organic matter content is the Walkley-Black wet 
oxidation procedure. Ashing soils is also another means in which organic matter content can 
be calculated. In this form of analysis the organic matter is combusted in a furnace at 
extremely high temperatures (about 500°C), to determine percent organic matter. A 
colorometric method for determining saccharide content in soil has also been studied for 
forensic analysis by R. J. Dudley in 1976.2 In this study a correlation between color of dry 
soils and saccharide content was found. B. B. Wheal suggested the forensic application of 
polyaromatic hydrocarbons (PAH's) in soils. The main source of PAH's in soil is 
presumably air-borne particles (resulting from combustion processes). Results from this 
analysis found good discrimination between soils from different locations.2 Determination 
of humic content through various methods has also been attempted for the forensic analysis 
of soil.2 Humic content is thought to be very stable from one week to the next. However, 
the subject of soil humic material is complex and many questions about this type of analysis 
remain unanswered. 
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B. B. Wheals also did a limited study of pyrolysis gas chromatography (PGC) 
analysis on acetone extracts from soils. Different PGC chromatograms from different soils 
have been observed which presumably reflect changes in the humic composition of the soils; 
thus, making it a good form of forensic analysis. An additional study examined enzymatic 
activity in soils. This form of analysis examined enzymes such as phosphatase, urease, arysl 
sulfatase, invertase and trypsin. Enzyme activity between soils collected from different sites 
was found to be distinguishable. However, comparisons of enzyme activity with organic 
matter content failed to establish a relationship between these two factors.2 
A carbon, hydrogen, and nitrogen analyzer-which is relatively new technology—can 
be used to determine the percent total carbon (organic and inorganic) through combustion 
of the sample material at an elevated temperature. Oxygen is used to oxidize organic and 
elemental carbon into carbon dioxide gas which is detected by an infrared detector to 
determine the percent carbon.22 A CC-100 attached to a CHN-1000 allows for the 
determination of carbonate content in samples (inorganic carbon). The soil is acid-digested 
to convert carbonate in soil to carbon dioxide gas which is swept through the CHN-1000 
system for detection. The sample gas passes through one tube containing silver nitrate to 
eliminate the acid in the gas phase. The gaseous carbon dioxide is then passed through a 
tube containing anhydrone to ensure the gas is moisture-free when it enters the CHN-1000 
system.23 The percent organic carbon present can then be determined by the difference in 
the two percentages. However, research on the use of this instrument as a forensic method 
does not exist. Other than the few techniques mentioned here, there seems to be little 
research on the use of organic content to compare soil samples. 
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F. A Comprehensive Technique 
The focus of this study was to create a comprehensive, yet practical, method for 
characterizing soils that could be used for forensic analysis. The advantage of this method 
over other techniques is that three soil properties are examined. The first method involves 
the determination of particle size. The second method involves a form of elemental analysis, 
and thirdly, a determination of percent total carbon and percent organic matter was obtained. 
The particle size distribution was determined using a mechanical sieve shaker which 
was modified to produce a faster result. Wet sieve analysis was used for the following 
reasons. First, it has been shown in previous studies by R. J. Dudley that sieve analysis can 
be used within a 95% confidence level of accuracy.12 Also, wet sieve analysis was found to 
be more reproducible than dry sieve analysis due to the dispersion of soil aggregates formed 
in the soil. Sieve analysis is also less costly than other forms of particle size analysis such 
as a Coulter counter or laser particle size analysis. Another advantage in wet sieve analysis 
is the ease in operating the mechanical sieve shaker. Other forms of analysis such as 
polarized light microscopy require many hours of training, and would take more time to 
master than a mechanical sieve shaker. A hydrometer is also a good method used to 
determine particle size; however, it is not good when other forms of analysis are to be done. 
In this research elemental analysis is performed on each fraction to create a more unique 
form of elemental analysis. Determination of particle size by a pipette method encounters 
problems with elemental analysis, if specific considerations are not taken into account to 
avoid contamination.6 Small settling tubes and density gradient tubes have also been found 
ineffective for forensic analysis in previous research.5,7 Sedimentation is also a relatively 
easy form of particle size analysis, but usually requires large samples, and the fractions 
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cannot be separated easily.7 Sieve analysis, however, has been proven to be reproducible 
with samples as small as 1.5 grams. The disadvantages to using wet sieve analysis are the 
amount of time required to dry the samples (2 hrs.) in the oven and determining the optimum 
parameters- such as the amount of water to use, and dispersion time. Sieve analysis, also, 
assumes all particles are spherical in nature when actually they are not. 
In this study, the soil fractions obtained from particle size analysis are saved for 
elemental analysis on a scanning electron microscope. Four x-ray spectra on duplicate 
fractions are obtained and compared to one another for reproducibility. SEM analysis is 
very advantageous when compared to flame atomic emission (FAES) and flame atomic 
absorption (FAAS) methods because of the SEM's ability to perform multielement analysis 
simultaneously.24 SEM analysis requires less preparation time than other methods such as 
inductively coupled plasma spectroscopy (ICP) and transmission electron microscopy 
(TEM) analysis. Preparation for the SEM requires only minutes, whereas, preparation for 
TEM and ICP may require hours.14'25 The SEM is also ideal since very small amounts of 
sample can be analyzed. In SEM analysis, samples are not destroyed, and can be re-
analyzed, unlike many other forms of elemental analysis.14 
A CHN-1000 and CC-100 were used to determine percent organic matter in the 
unsieved soil by calculating percent total carbon and percent carbonate carbon. This form 
of organic analysis was used because samples were dried at 140°C, and only organic matter 
which did not volatilize at this temperature can be measured. This experiment will also 
serve as an indicator of the CHN-1000's ability in forensic analysis. 
II. EXPERIMENTAL 
A. Soil Samples and Pretreatment 
In the course of this study five soils, each with different geological origins, were 
analyzed. The first soil was obtained at Western Kentucky University in Bowling Green, 
Kentucky (soil 1). Soil 2 was obtained approximately 10-15 miles from soil 1 in Plum 
Springs, Kentucky. Soils 3 and 4 were collected in Breezewood (soil 3), and Rumsfield (soil 
4), Pennsylvania. The last soil, soil 5, was collected in Washington, D. C. To increase the 
speed of analysis, random samples were collected from each location, and treated in the 
following manner. Each sample was collected using a stainless steel spoon at a depth of 1-
3". In order to do multiple runs, at least 100 g of rough soil was obtained, and dried in an 
ovenfor2hrs . at 140 + 5°C to remove moisture from the soil. 
Once dried, the samples were then placed on a clean no. 16 (1,180 jum) 8" brass sieve 
and hand sieved for 5-10 min. to remove oversized particles such as grass, rocks, and glass. 
The soil passing through the sieve was placed in a glass container and stored in a dessicator 
for future use. 
11 
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B. Mechanical Sieve Analysis 
In previous literature, the sand fraction has been defined as those particles which 
range in size from 2,000 ym to 50 ym. However, two studies by Wanogho and coworkers 
showed that percent soil in the sand fraction was concentrated in the < 1,000 pim range 
(approximately 99%).26,27 R. J. Dudley defined the sand fraction as those grains with a 
particle size > 63 pim.12 Thus, the sand fraction examined in this study contained the soil 
grains with a particle size ranging from 63-1,000 /um. Since in most cases the amount of soil 
obtained for forensic analysis is small, sample sizes of 1.5-2.0 g were chosen. The soil was 
placed in a four ounce container, and to it 70 ml of deionized water was added to make a 
slurry. The slurry was then mechanically shaken for 30 min. to break up any soil aggregates 
in the sample. The soil slurry was then sieved through a preweighed 3" 63 ym stainless steel 
sieve and washed with 200 ml of deionized water, making sure all of the soil was removed 
from the four ounce container. The purpose of this step was to isolate the sand fraction for 
particle size analysis. Once the soil had been washed, the sieve was allowed to stand for 5-
10 min. to allow the water to drain through the sieve. The soil remaining on the sieve was 
then dried on the sieve at 140°C for 2 hrs., and allowed to cool in a desiccator. The cooled 
63 ym sieve plus soil was then weighed and the results recorded on the data sheet (see 
Figure 1). The remaining soil on the sieve was transferred to a four ounce container, and to 
it another 70 mL of deionized water was slowly added. The slurry was then mechanically 
shaken for 15 min. The shaken slurry was then wet sieved through a stack of four 
preweighed sieves of the following sizes: 850, 600, 425, and 180 ym to obtain a uniform 
distribution. The preweighed sieves were placed on a Gilson SS-5 mechanical sieve shaker 
(see Figure 2), and the soil was mechanically sieved at a setting of 2 for 30 min. using 200 
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ml of deionized water to wash the slurry through the sieves. The mechanical sieve shaker 
was connected to a water aspirator which provided a vacuum to speed up the process. After 
the soil was mechanically sieved the sieves remained under vaccum for at least 30 min. to 
allow any remaining water to pass through the sieves. The sieves plus soil were then dried 
in an oven at about 140°C for 2 hrs. and placed in a dessicator to cool. Once the sieves were 
cool, they were weighed, and the weight of the sieves plus the dry soil was recorded on the 
data sheet. Each soil was examined in triplicate, and the percent soil in each fraction was 
calculated using the following formula: 
Percent soil in fraction = grams of soil in fraction x 100 
total mass of sand fraction 
The mass of the soil retained on the 63 /urn sieve was used for the total mass of the sand 
fraction, because sixty-three micrometers was used as the lower limit of the sand fraction 
in a previous study.12 The mass of the unrecovered sand was also calculated by subtracting 
the total mass recovered from the total mass sieved. This fraction is given as the 63-180 ym 
range. Each value was accepted or rejected based on a standard q-test outlined in 
Fundamentals of Analytical Chemistry (1969), and the accepted values were used to 
calculate the averages and standard deviation. All of the fractions were then collected and 
stored in plastic containers, and stored for further analysis on the scanning electron 
microscope.28 
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Sieve Analysis 
DATE 
Sample # 
Extraction Time 
Drying Temperature (°C) 
Drying Time 
Mass (g) pretreated (dried and pre-sieved) soil 
Sieve size fum> mass sieve (empty) mass §?ev<? (soil) TOSS soil %(w/w) 
63 
180 
425 
600 
850 
Total mass recovered soil 
NOTES: 
Figure 1. Data sheet for particle size analysis. 
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Figure 2. Gilson sonic sieve shaker. 
Source: Sieve Shaker Model SS-5 Operating and Service Manual. Gilson Company 
Inc. Worthington, OH, 1992. 
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C. SEM Analysis 
The second form of analysis in this study was elemental analysis which was 
performed on each fraction collected from the particle size analysis. The samples were 
analyzed using x-ray microanalysis on a JEOL scanning electron microscope with an energy 
dispersive spectrometer in low vacuum mode (see Figure 3). A suggested accelerated beam 
voltage of 20 kV was used to ensure all elements were excited, and the magnification was 
set on 1,000. The beam current was saturated at 50-60 yA, and analysis time was set at 300 
seconds. The soil fractions were attached to a stainless steel stub on which double sided 
carbon tape had been applied. The soil from a given fraction was applied to the stub by 
putting the soil in a plastic dish, and the soil was mashed onto the prepared stub collecting 
as much soil as possible. The stub was then placed on a stub holder which was placed into 
the SEM. The sample was analyzed in four quadrants of the stub, so that four x-ray spectra 
could be obtained to represent the elemental composition of the fraction. The size of the 
electron beam was varied to accommodate a count rate of 1000-3000 counts/sec which is 
needed to obtain a good spectrum. The spectra were analyzed on a microprocessor 
connected to the EDS detector. Through the use of the computer software, artifacts such as 
background noise, sum peaks and escape peaks were removed from the spectra and 
examined. Triplicate analysis was to be done, but due to instrument failure and time 
constraints only duplicate analysis was performed on each soil. 
RP1: Rotary pump for low vacuum 
RP2: Rotary pump for basic instrument's 
evacuation system 
FT: Foreline trap 
V I : Electromagnetic valve 
V2: Electromagnetic vaive 
Ionized gas molecules 
S: Gas molecules which have absorbed 
electrons charged on specimen 
Electron 
gun 
Pirani guage for basic instrument's 
evacuation system 
-Electron beam 
Backscattered 
electron detector. 
I H-—Orifice 
Specimen pressure 
adjusting knob! 
Specimen 
Specimen chamber 
RP1 
M 
FT 
V2 
DP RP2 
Vacuum evacuation system of LV SEM 
Source: 
Figure 3. Diagram of the scanning electron microscope. 
Accompanying JEOL literature. 
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D. CHN-1000 Analysis 
To determine the percent organic matter in the soils a LECO CHN-1000 (see 
Figure 4) with a CC-100 attachment (Figure 5) was used. The CHN-1000 is controlled 
by an 80386 microprocessor and preinstalled software. The detection limit for the 
percent carbon is 0.01%, and the accuracy is 0.001%. The procedure used to the 
repeatability of the soil samples was based on ASTM method D5373.29 The CHN-1000 
was used to determine the percent total carbon in the soil, and the CC-100 was used to 
determine the percent inorganic carbon (carbonate carbon). The CHN-1000 was first 
calibrated using an EDTA standard, and calibrated again with a 1632b NBS coal standard 
to determine the drift of the instrument. Once calibrated the samples were run in the 
same manner as the standards. Approximately 0.08 g of pretreated soil was weighed out 
and recorded on the system. The sample was wrapped in foil and placed in a carousel 
loader for analysis. The samples were combusted in a resistance furnace at a nominal 
temperature 1050°C. The analysis time for the samples was 200 seconds. The 
pretreated soil was run and examined by the CC-100 analyzer to determine the percent 
carbonate carbon (percent inorganic carbon). The soils were acid-digested by HC1 to 
convert carbonate to carbon dioxide gas which is analyzed by the CHN-1000 to detect the 
amount of carbon dioxide produced which is stoichiometrically equivalent to the percent 
carbon in the sample. The samples were analyzed in the same manner as percent total 
carbon, and averages were obtained. The percent organic carbon was determined by 
subtracting the average percent inorganic carbon from the average percent total carbon. 
Each soil was tested at least twice to obtain two repeatable values as instructed by ASTM 
D5373; and an average of the values was calculated using all the runs.22,23 
19 
773-535 
PRESSURE SWITCH 
25 PSI 
777-712 
SOLENOIO INTERFACE 
BOARD 
S POSITION 
SOLENOID VALVE 
(3 REQUIRED) 
SV10, SV11, SV12 
773-535 -
PRESSURE SWITCH 
25 PSI 
777-738 ' 
SOLENOID INTERFACE 
BOARD 
16 POSITION 
SV1 THROUGH SV9 
(9 REQUIRED) 
603-447 
LOADING HEAD 
(2 REQUIRED) 
7S 3-930 
PARTICLE FILTER 
601-992 • 
PINCH VALVE 
(S REQUIRED) 
RIGHT ASSEMBLY 
HANDLE 
Figure 4. CHN-1000 elemental analyzer. 
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m. RESULTS AND DISCUSSION 
A. Particle Size Results 
The five soil samples obtained from various locations were analyzed, and their 
particle size distributions were determined using the modified form of wet sieving discussed 
earlier. Tables 1-5 list the results obtained from this portion of analysis along with averages 
and standard deviations for each fraction. Although triplicate determinations were 
performed on each soil, some of the determinations were discounted for the following 
reasons. Four of the values were rejected based on the results of the q-test. These values are 
marked with an asterisk in Tables 1-5. One sieve measuring the 180-425 /urn range was 
discounted because it was mishandled during analysis, and produced a radically different 
result (see Table 4). In determining the distinctiveness of each fraction a comparative 
means test was performed to compare one fraction of soil to another based on their 
averages. In this form of statistical analysis, the following terms were compared to 
determine the distinctiveness between the two averages. 
| X| - x2 J and s-t [(N, + N,)/(N, x N2) f 
21 
22 
Where x, and x2 are the averages for the fraction of soil considered between two soils, N! 
and N2 are the number of observations used to calculate the respective average. The value 
for t was taken from a list of t-values listed in Fundamentals of Analytical Chemistry (1969) 
and used so that the j x, - x2 | term would be the bigger term.28 The t-value used represents 
the confidence level in which a distinction between the data can be made. If the t-value used 
is taken from the 90% confidence column, then a distinction can be made with a confidence 
of 90%. The value for s represents the pooled standard deviation for the two sets of data and 
is shown in the following equation: 
S = { [ Q > - X,) + L(x - x , ) ] / ^ + N2 - 2)}'" 
In this equation x, and x2, once again, represent the averages for the two fractions being 
compared, and x represents the data values used to calculate the averages being compared. 
When the term |xx - x2 | is found to be larger than the second term, a significant difference 
between the two averages exist, and they are distinct in comparison to one another. 
Based on this form of analysis, the 600-850 /urn fraction was found to be the most 
distinctive fraction. The data analyzed showed that almost all five soils were comparably 
distinct with a confidence level of 95%. There were only two exceptions. The first 
exception was a comparison between the Plum Springs, Kentucky soil and the Washington, 
D. C. soil in which the confidence level fell to 80%, and the second in which the 
Breezewood, Pennsylvania soil was compared to the Rumsfield, Pennsylvania soil (the 
confidence level fell below 80%). However, had the first determination been dropped for 
the Breezewood, Pennsylvania soil analysis, the confidence level would have been 95%. 
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The next most distinctive fractions were determined to be the 425-600 ym fraction 
and the 850-1180 //m fraction. The distinctiveness of the 425-600 //m fraction were within 
the 95% confidence level except for three instances in which the confidence level fell below 
80%. In the 425-600 /um fraction the confidence level fell when the Washington, D. C. soil 
was compared to the Plum Springs, Kentucky soil, and when the Rumsfield, Pennsylvania 
fraction was compared to the Bowling Green, Kentucky fraction. The confidence level also 
dropped when the Breezewood, Pennsylvania fraction was compared to the Bowling Green, 
Kentucky fraction. The 850-1180 /um fraction was also distinctive with a 95% confidence 
level except for three comparisons in which the confidence level dropped below 80%, thus, 
making it as distinctive as the 425- 600 ym fraction. The confidence level fell when the 
two Kentucky fractions were compared and the two Pennsylvania fractions were compared. 
The confidence level also fell below 80% when the Washington, D. C. fraction was 
compared to the Plum Springs, Kentucky fraction. 
In the 63-180 ym. fraction, most of the comparisons were distinguishable at the 95% 
confidence level, however, there were four cases in which the confidence level dropped 
below 95%. The first case was in the comparison of the Washington, D. C. fraction and the 
Breezewood, Pennsylvania fraction. Statistical analysis showed that a distinction between 
the 850 ym fractions of these two soils could be made only at the 90% confidence level. 
The second case occurred in comparing the Breezewood, Pennsylvania fraction to the 
Rumsfield, Pennsylvania fraction. In this instance, the confidence level fell below 80% 
(through a comparison of 850 ym fractions). The confidence level also fell below 80% 
when the Washington, D. C. fraction was compared to the Plum Springs, Kentucky fraction. 
The final case involved the comparison of the Bowling Green, Kentucky fraction to the 
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Washington, D. C. fraction. The comparable means test showed that the distinction fell 
below the 80% confidence level. 
A comparison of 180-425 ym fractions was less distinguishable than the other four 
fractions. In the 180-425 ym fraction, there were only three instances in which the 
confidence level was 95%. The Rumsfield fraction was distinguishable from all the other 
soils in this fraction except for the Washington, D. C. soil. In all other comparisons in this 
fraction the confidence level in which the fractions were distinguishable fell below 80%. 
A few examples of the comparisons made are shown in Table 6 for the 600-850 ym fraction. 
However, when all five fractions were taken into consideration, almost all of the soils 
were distinguishable from one another through two to three different fractions, only the 
Washington, D. C. soil and the Plum Springs soil could not be discerned from one another 
through this form of analysis. This can readily be seen in Figure 6 which displays the 
particle size distribution of all five soils. Substantial differences (up to 8%) were even 
noticed in the 425-600 /urn fraction for the two closest soils (the Bowling Green, soil and 
Plum Springs soil) which were only 10-15 miles apart. The two Pennsylvania soils were 
even more distinguishable in the 180-425 /xm fraction with a difference of almost 20%. 
The standard deviations obtained in the described sieving method were comparable 
to standard deviations reported for American standard stainless steel sieves with similar 
sizes (see Table 7), in most cases.30 There were only five values out of fifty that fell out of 
the listed tolerances (> 10%). Some of these are most likely due to human error rather than 
inherent or instrumental error. The precision of the particle size is also comparable to data 
given by R. J. Dudley in a similar experiment. In R. J. Dudley's study of the sand and silt 
fractions, standard deviations less than 6% were maintained for most of his determinations. 
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As seen in Tables 1-5, the same precision was achieved with the exception of the values 
mentioned earlier.12 The precision of this method was also compared to dry and wet sieve 
methods performed by Solomon Wanogho.26,27 Wanogho obtained precision ranging from 
0.1-1.0% for wet sieving, and 0.186-3.23% for dry sieving. Although the results for 
Wanogho's wet sieve analysis appear much more precise, some of the values obtained here 
were comparable to Wanogho's data. The differences may be attributed to the following 
reasons. Wanogho's procedure was different from the procedure followed. It is also most 
likely that Wanogho used a more efficient instrument for wet sieving. However, ease of 
operation and sample preparation were ideal advantages in our form of analysis. The 
disadvantage associated with our procedure, however, is time. During the sieving process, 
problems arise due to clogging of the sieves, thus increasing the analysis time. This problem 
may be alleviated by using less vacuum. 
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Table 1. Particle Size Distribution of the Plum Springs Soil. 
Ran tie (um) ia 
Runs 
J Averatie 
Standard 
Deviation 
63-180 69.48 55.61 49.48 58.19 10.25 
180-425 26.75* 37.58 37.94 37.76 0.25 
425-600 2.72 2.08 5.19 J . j j 1.64 
600-850 0.67 1.86 2.96 1.83 1.14 
850-1180 0.38 2.87 4.42 2.56 2.03 
a: Particle distributions are given in terms of percent by weight. 
*: Values that were rejected by q-test. 
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Table 2. Particle Size Distribution of the Bowling Green Soil. 
Range (^m) 
Runs 
r 2 3 Average 
Standard 
Deviation 
63-180 49.11 33.34 43.39 41.95 7.98 
180-425 35.31 46.81 39.61 40.58 5.81 
425-600 11.24 12.82 9.32 11.13 1.75 
600-850 4.29 6.40 6.00 5.56 1.12 
850-1000 0.04 0.63 1.69 0.79 0.84 
a: Particle distributions are given in terms of percent by weight. 
*: Values that were rejected by the q-test. 
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Table 3. Particle Size Distribution of the Breezewood Soil. 
Runs 
Standard 
Range (urn ) 2 3 Average Deviation 
63-180 22.57 21.51* 22.58 22.58 0.01 
180-425 50.90 32.65 40.42 41.32 9.15 
425-600 8.47 11.03 9.55 9.68 1.29 
600-850 8.66 15.10 12.14 11.97 3.22 
850-1180 9.40 19.71 15.31 14.81 5.17 
a: Particle distributions are given in terms of percent by weight. 
*: Values that were rejected by the q-test. 
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Table 4. Particle Size Distribution of the Rumsfield Soil. 
Runs 
Standard 
Range (um) P 2 3 Average Deviation 
63-180 22.07 27.54 17.26 22.29 5.14 
180-425 23.30 18.00 50.88" 20.65 3.75 
425-600 13.19 18.33* 12.92 13.06 0.19 
600-850 18.08 17.05 11.65 15.59 3.45 
850-1180 23.37 19.09 7.29 16.58 8.32 
a: Particle distributions are given in terms of percent by weight. 
*: Values that were rejected by the q-test. 
**: Value rejected due to mishandling of sieve. 
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Table 5. Particle Size Distribution of the Washington D. C. Soil. 
Runs 
Standard 
Range (/./m ) V 2 3 Average Deviation 
63-180 55.88 33.81 69.32 53.00 17.92 
180-425 33.00 55.11 22.09 36.73 16.82 
425-600 5.38* 3.33 3.38 3.36 0.04 
600-850 3.15 3.83 2.39 3.12 0.72 
850-1180 2.59 3.86 2.82 3.09 0.68 
a: Particle distributions are given in terms of percent by weight. 
*: Values that were rejected by the q-test. 
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Table 6. Examples of the 600-850 y.m Distinctiveness. 
Statistical Confidence 
Comparisons __X | Xt |_2C1 I Value level 
soil 1 and soil 2 5.56 1.83 6.41 2.37 95% 
soil 2 and soil 3 1.83 11.97 10.14 5.08 95% 
soil 3 and soil 4 11.97 15.59 3.62 4.04 <80% 
soil 4 and soil 5 15.59 3.12 12.47 5.25 95% 
a: Averages are given in percent by weight. 
b: Statistical value is equivalent to s-t[(Ni + N2)/(N,-N2)]'/2 
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Figure 6. Graphical representation of the particle size distributions. u> 
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Table 7. Tolerances for U. S. Standard Sieves. 
Sieve size (jim) Tolerance ( +/-%) 
62 8 
177 6 
420 5 
590 5 
840 
Source: Snyder, L. R. An Introduction to Separation Science; John Wiley and Sons, 
New York; 1973, 544. 
34 
B. Microanalysis Results 
Results obtained from the x-ray microanalysis of the soils are listed in Tables 8-12. 
The data listed in the tables demonstrate the reproducibility of the EDS system based on 
duplicate analysis. The major and minor elements commonly found in soils were 
consistently found in almost all of the soils. The major elements consist of O, Si, Fe, and 
Al, and the minor elements consist of K, Ca, and Mg.5 Only one out of the five soils did not 
contain all of these elements. The soil from Rumsfield contained all of the major and minor 
elements found in all soils except Ca. This fact made the Rumsfield soil the only soil able 
to be distinguished based on major and minor elemental analysis, and also the most 
distinctive. All of the major and minor elements such as O, Si, Al, etc., were found in the 
other four soils including Ca in one or more of their fractions. These soils were 
differentiated based on trace elements found in the fractions such as P, S, Mn, Cu, and Zn. 
What was also interesting was that Ti was present in every fraction in all five soils. Ti is 
usually present in the earth in small quantities only (about 1%). However, false Ti peaks had 
been obtained by William Orndorff, a researcher, who performed experiments on the same 
SEM/EDS system used here. Thus, Ti could not be used as an indicator of distinctiveness 
either. The Kentucky soils were distinguishable from the others based on the presence of 
zinc and copper along with phosphorus and sulfur in the same fractions (see Tables 7 and 
8). The soil from Breezewood, Pennsylvania is the only other sample with both phosphorus 
and sulfur in the same fractions, but it did not contain any copper or zinc (Table 9). The 
Bowling Green, Kentucky soil was distinguishable from the Plum Springs, Kentucky soil in 
two ways. In both Kentucky soils three out of the four fractions contained both P and S. 
In the Bowling Green, Kentucky soil, P and S were present together in all of the fractions 
except for the 425 nm fraction which contained only S. The Plum Springs, Kentucky soil, 
however, contained P and S in each fraction except the 180 jam fraction. The fractions in 
which Cu and Zn were present also provided a distinction. In the Bowling Green, Kentucky 
soil Cu and Zn were detected in the 600 jjm fraction, and in the Plum Springs, Kentucky soil 
Cu and Zn were detected in the 850 //m fraction. The soil from Breezewood, Pennsylvania 
was distinguishable through the presence of P and S in the 425 jjm and 850 /um fractions, 
and traces of Mn in the 180 jjm and 425 jjm fractions. The Washington D. C. soil was 
distinguished from the others through the presence of CI traces in the 425 /j,m fraction, and 
Mn traces in the 425 jj.m and 600 //m fractions. The key elements used to distinguish one 
soil from another are given in Table 12. Representative spectra of the soil fractions 
examined are shown in Appendix A. 
The results presented here show analysis with the SEM/EDS system is relatively 
reproducible with a few exceptions. Elements such as Na, Mn, S, Cu, and Zn sometimes 
appeared in only one determination in many spectra. These elements appear in the crust in 
quantities less than 1.0% making them trace elements. However, it was trace elements 
such as these which provided the only useful means to distinguish one soil from another. 
The reproducibility for the major and minor elements was excellent in all instances (see 
Tables 8-12). Some of the trace elements used for distinguishing the soils showed up in only 
one determination, and sometimes only in one scan, such as the presence of Cu and Zn in 
the Kentucky soils. These two elements appeared in only one spectra, but were critical for 
distinguishing the Kentucky soils from the other soils (see Tables 8 and 9). This type of 
reproducibility is not unexpected, since the EDS system can experience quantitative errors 
as great as 30%.14 A study by Teresa Beam and coworkers also experienced instances of low 
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reproducibility in the analysis of paint chips on an SEM/EDS system.31 Beam and coworkers 
analyzed samples in which Ca and S (in trace quantities) appeared in only one spectrum out 
of five replicate spectra. Beam and coworkers attributed the phenomena to the heterogeneity 
of the paint sample. This heterogeneous nature of soil is the most likely reason for low 
reproducibility among trace elements. The reproducibility may also be attributed to the 
randomness in which the soils were sampled. Beam and coworkers also found that paints 
of similar color may differ qualitatively by only one element. This observation also mirrors 
the examination of soils done in this research. However, a more reproducible means for 
analysis may be through semiquantitative or quantitative analysis of the soils based solely 
on their major and minor elemental composition such as that done by Beam and coworkers. 
As a means of determining the accuracy of the SEM/EDS system used, a soil 
standard was purchased from the Canada Center for Mineral and Energy Technology (CAN 
MET), and analyzed on the JEOL scanning electron microscope. The soil standard (S02) 
contained 20 metals and two nonmetals (P and O). Of the twenty-two elements, the only 
major elements were oxygen and silicon. There were also five minor elements including Al, 
Fe, K, Ca, andNa. The remaining elements were present in trace quantities (<1.0%). The 
x-ray microanalysis technique detected all of the major and minor elements in the standard 
reproducibly. However, the SEM/EDS instrument was capable of detecting only three of the 
fifteen trace elements (Ti, Mg, and P) which were also the three most abundant trace 
elements. As a result of duplicate analysis, all of these elements were detected in both 
determinations. Phosphorus with a composition of 0.30% was the lowest detectable element 
in the sample. None of the other trace elements with concentrations lower than phosphorus 
could be detected. 
Table 8. SEM Analysis of the Bowling Green Soil 
37 
Fraction (urn) Run 1 Run2 
O, Si O, Si 
180-425 Al, Mg2 Al, Mg 
K, Ca2 K, Ca 
Fe, Ti2 Fe, Ti 
Cu1, S2 Na2 
O, Si O, Si 
425-600 Al, Mg Al, Mg 
K, Ca K, Ca 
Fe, Ti Fe, Ti 
S, Mn1 S2 
O, Si O, Si 
600-850 Al, Mg Al, Mg 
K, Ca K, Ca 
Fe, Ti2 Fe, Ti 
Zn1, Cu1 S, P 
O, Si O, Si 
Al, Mg Al, Mg 
K, Ca K, Ca 
Fe, Ti Fe, Ti 
P2, S2 P,S 
Na2 
Cu1 
1: Appeared in only one spectrum. 
2: Appeared in only two spectra. 
Table 9. SEM Analysis of the Plum Springs Soil. 
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Fraction ( urn) Run 1 Run 2 
O, A1 O, A1 
180-425 Si, K Si, K 
Ca, Fe Ca, Fe 
Mg, Ti Mg, Ti 
O, A1 O, A1 
Si, K Si, K 
Ca, Fe Ca, Fe 
Ti, Mg Ti, Mg 
P1, S2 P, S 
Na1 
O, A1 O, A1 
600-850 Si, K Si, K 
Ca, Ti Ca, Ti 
Fe, Mg Fe, Mg 
P2, S2 P2, S2 
O, A1 
850-1180 Si, K 
Ca, Fe 
Ti2, Mg 
Cu1, Zn1 
P ! ,S ] 
O, A1 
Si, K 
Ca, Fe 
Ti, Mg 
P2, S2 
1: Appeared in only one spectrum. 
2: Appeared in only two spectra. 
Table 10. SEM Analysis of the Breezewood Soil. 
Fraction (um) Run 1 Run 2 
O, K O, K 
180-425 Mg, Ti Mg, Tr 
Al, Fe Al, Fe 
Si, Ca2 Si, Ca1 
Mn1 Mn1 
425-600 
0 , K 
Mg, Ti2 
Al, Fe 
Si, Ca1 
Na1, Mn1 
O, K 
Mg, Ti 
Al, Fe 
Si, Ca2 
P1, S1 
Mn1 
600-850 
O, Ti 
Mg, Fe 
Al, Ca2 
Si, K 
S1 
O, Ti 
Mg, Fe 
Al, Ca1 
Si, K 
O, K O, K 
850-1180 Mg, Ti Mg, Ti2 
Al, Fe Al, Fe 
Si, Ca Si, Ca 
P2, S2 P1, S2 
1: Appeared in only one spectrum. 
2: Appeared in only two spectra. 
Table 12. SEM Analysis of the Washington D. C. Soil. 
Fractionf/iin) Run 1 Run 2 
O, Mg O, Mg 
180-425 Al, Si Al, Si 
K, Ti K, Ti 
Fe Fe 
425-600 
O, Mg 
Al, Si 
K, Ti 
Fe, Na2 
O, Mg 
Al, Si 
K, Ti 
Fe, Na1 
O, Mg O, Mg 
600-850 Al, Si Al, Si 
K, Fe K, Fe 
Ti, Na1 Ti, Na2 
Cu1 Cu1 
850-1180 
O, Mg 
Al, Si 
K, Fe 
Ti, Na2 
Mn1 
O, Mg 
Al, Si 
K, Fe 
Ti, Na1 
1: Appeared in only one spectrum. 
2: Appeared in only two spectra. 
Table 12. SEM Analysis of the Washington D. C. Soil. 
Fraction(wm) Runl Run 2 
O, Mg O, Mg 
180-425 Al, Si Al, Si 
Ti, K2 Ti, K 
Fe, Ca1 Fe, Ca2 
Na1 
O, Mg O, Mg 
425-600 Al, Si Al, Si 
K, Ca K, CI1 
Ti, Fe Ti, Fe 
Na2, Mn1 Na2,Mn' 
S1 
600-850 
O, Mg 
Al, Si 
K, Ti 
Fe, Mn1 
Na1, Ca1 
0,Mg 
Al, Si 
K, Ti 
Fe, Mn1 
Na1, Ca2 
850-1180 
O, Al 
Si, Ti 
Fe, Mg2 
K1, Ca1 
O, Al 
Si, Ti2 
Fe, Mg2 
Ca, S1 
1: Appeared in only one spectrum. 
2: Appeared in only two spectra. 
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Table 13. Trace Elements in the Soils. 
Range (um) Soil 1 Soil 2 Soil 3 Soil 4 Soil 5 
180-425 P , S Mn 
425-600 S, Mn* P, S P, S S,Mn 
Mn CI* 
600-850 P, S P, S S* Cu Mn 
Cu 
Zn* 
850-1180 P, S P, S P, S Mn* 
Cu* 
Zn* 
*: Appeared in only one run. 
43 
C. Organic Results 
The values obtained in organic analysis were not quite as distinctive as the data 
obtained in the particle size analysis. However, the values obtained showed that relatively 
good distinction could be made among most of the soils. The data for the organic analysis 
was determined based on the average percent total carbon for the soil and the average 
percent carbonate carbon in the soils. The averages for the soils are listed in Table 14. The 
differences in the organic content were much smaller than those given in the particle size 
analysis, and in one instance only differed by about 0.1% (see soil 2 and soil 3). This 
difference is most likely because the organic content in most soils is less than 5%. Soil 2 
was determined to have an average organic carbon content of 1.59%, whereas soil 3 had an 
average organic carbon content of 1.71%. The other soils differed in percent organic carbon 
by at least 0.5%. A comparative means test was performed on the percent total carbon and 
percent carbonate carbon to test their ability to distinguish one soil from another. Based on 
this statistical form of analysis, the percent total carbon for the soils was found to be the 
most distinctive characteristic. Some examples of the statistical data are given in Tables 15 
and 16. Comparisons among all the soils were found to be distinctive with a confidence 
level of 95%. The percent carbonate carbon, however, was not nearly as distinctive (see 
Table 16). Based on the comparative means test, only two soils could be distinguished from 
the other soils using percent carbonate carbon. Only the Breezewood soil and the Bowling 
Green soil were large enough to be distinguishable from the others within the 95% 
confidence level. The were only two exceptions—one being a comparison between the 
Rumsfield soil and the Washington, D. C. soil in which a confidence level of 95% was 
obtained. The Plum Springs soil and the Rumsfield were also distinguishable from one 
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another with a confidence level of 90%. All of the other comparisons were not 
distinguishable within the 80% confidence level. The other differences were not significant 
enough for a good distinction to be made. Therefore, for comparative purposes one should 
consider only percent total carbon when using this method. 
The standard deviation for percent total carbon ranged from 0.025-0.30%. 
Although it seems large, this range is comparable to values obtained by other methods used 
to calculate percent organic matter such as peroxide oxidation performed by Wanogho.26X1 
Precision in Wanogho's peroxide oxidation of sandy soils was 0.026%. This percentage 
falls within the range of the analysis performed in the present study. The procedure used 
here also has a distinctive advantage over other methods in that it only takes a few minutes, 
whereas some digestion methods used to determine percent carbonate carbon and total 
carbon take from 30 minutes up to 12 hours.6 
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Table 14. CHN-1000 and CC-100 Results. 
Average Average Average 
Sample Total Carbon3 Carbonate Carbon Organic Carbon 
Soil 1 3.64 0.269 3.37 
Soil 2 1.60 0.004 1.59 
Soil 3 1.98 0.300 1.68 
Soil 4 0.97 0.015 0.96 
Soil 5 0.56 0.007 0.55 
a: Values are given in percent by weight. 
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Table 15. Examples of the Percent Total Carbon Distinctiveness. 
Statistical Confidence 
Comparisons x,a x2 xL-x2 | valueb Level 
soil 1 and soil 2 3.64 1.60 2.04 0.460 95% 
soil 2 and soil 3 1.60 1.98 0.38 0.310 95% 
soil 3 and soil 4 1.98 0.97 1.01 0.432 95% 
soil 4 and soil 5 0.97 0.56 0.41 0.206 95% 
a. averages are given in percent by weight. 
b: statistical value is equivalent to s-t [(N1+N2)/(N1-N2)]'/! 
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Table 16. Examples of the Percent Carbonate Distinctiveness. 
Statistical Confidence 
Comparisons x1a x2 Jx,-x2 | valueb level 
soil 1 and soil 2 0.269 0.004 0.265 0.0554 95 % 
soil 4 and soil 5 0.015 0.007 0.008 0.00225 95 % 
soil 2 and soil 4 0.004 0.015 0.011 0.00940 90 % 
soil 2 and soil 5 0.004 0.007 0.003 0.0656 <80% 
a: Averages are given in percent by weight. 
b: Statistical value is equivalent to s-tfCNj + N2)/(N1-N2)]'/i 
IV. CONCLUSIONS 
Based on the results of these analyses, the comprehensive technique developed was 
able to distinguish all of the soils examined using the three described methods of forensic 
soil analysis. Through wet sieve analysis, three out of five soils were found to have unique 
particle size distributions. The 600-850 ym fraction, 425-600 pim fraction, and the 850-
1000 ym were found to be more distinctive than the 63-180 jjm fraction and the 180-425 ym 
fraction. The technique was easy to follow, requiring very little sample preparation. 
However, the data obtained was not very comparable to other wet sieving data in that higher 
standard deviations were obtained, but it was comparable to some dry sieving techniques. 
This trait is probably due to basic differences in techniques such as the type of instrument 
and parameters used. 
In addition to the wet sieve analysis, a form of elemental analysis known as x-ray 
microanalysis was performed using a scanning electron microscope with an energy 
dispersive spectrometer. Elemental analysis was performed on each fraction obtained in the 
particle size analysis to obtain a specific distribution of the elements present in each soil 
fraction. Major and minor elements detected in each fraction were found not to be very 
distinguishing. The major elements and most minor elements found were present in all four 
fractions of all soils analyzed. Therefore, the presence of major and minor elements could 
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not be used to distinguish one soil from another with one exception (see Rumsfield, 
Pennsylvania soil). The reproducibility of major and minor elements was found to be very 
good; however, the reproducibility of the trace elements was not as good. There were only 
a few cases in which the trace elements were reproducible such as P, S, and Mn. This lack 
of reproducibility is most likely attributed to the small amount of sample obtained for each 
fraction (less than 0.5 g), along with the heterogeneous nature of the soils. Despite the low 
reproducibility the SEM/EDS analysis was still capable of distinguishing all five soils from 
one another based on the few trace elements detected (such as Zn, Cu, S, P, and Mn). Since 
trace elements were used to distinguish one soil from another, the confidence of this test is 
somewhat questionable as a stand alone measurement. However, a quantitative or 
semiquatitative analysis of the major and minor elements would likely increase the 
distinctiveness and the validity of the test. 
Distinctions could also be made based on the percent total carbon as determined 
using a CHN-1000 analyzer. However, a distinction could not be made based on the percent 
carbonate carbon which was determined using a CC-100. Based on a comparative means 
test the average percent total carbon for all five soils was distinguishable with a confidence 
level of 95%. A comparative means test on carbonate carbon showed that only two of the 
five soils were distinguishable from the other soils (with a 95% confidence level). All other 
comparisons fell below the 80% confidence level with only one exception (see Table 15). 
Through a difference of percent total carbon and percent carbonate carbon, percent organic 
carbon was calculated. Differences in percent organic carbon seemed to be distinctive (by 
about 0.5%) through inspection. Since the percent organic carbon was calculated through 
a difference, a statistical means test was not performed. 
50 
The described comprehensive method of soil analysis performed rather well when 
compiling results obtained from the three described procedures. Distinctions among soils 
from different geological origins could be differentiated and, therefore, appear to be useful 
for forensic comparisons. When all four fractions were taken into account, the wet sieve 
analysis was capable of distinguishing most of the soils analyzed; however, the Washington, 
D. C. soil and the Plum Springs, KY soil were not distinguishable by any of the fractions 
examined. The soils not distinguishable by particle size were distinguished by percent total 
carbon. Percent total carbon performed very well and was capable of distinguishing all five 
soils from one another. The scanning electron microscope with an EDS detector was also 
able to make qualitative distinctions among all five soils through trace elements detected. 
However, in addition to qualitative analysis, quantitative analysis of the major and minor 
elements on a scanning electron microscope with an EDS detector should be considered to 
compensate for the poor reproducibility of trace element analysis. 
V. BIBLIOGRAPHY 
1. Lapedes, D. N. McGraw-Hill Encyclopedia of Geological Sciences. McGraw-
Hill Book Company, 1997; 765-784. 
2. Maehly, A.; Stromberg, L. Chemical Criminalistics. Springer-Verlag. Berlin; 1981; 
171-181. 
3. Murray, R. C. The Microscope., 1988, 36 (4). 303-309. 
4. Dudley, R. J. Journal of the Forensic Science Society, 1975, 75. 209-218. 
5. Murray, R.; Tedrow, J. Forensic Geology. Prentice Hall. NJ; 1991, 95-145. 
6. Black, C. A; et al. Methods of Soil Analysis. Parts 1-2. American Association of 
Agronomy Inc., Wisconsin; 1965, 545-567; 883-928. 
7. Singer, J. K.; Anderson, J. B.; Ledbetter, M. T.; McCave, I. N.; Jones, P. N.; Wright, R. 
Journal of Sedimentary Petrology, 1988, 58 (3), 534-543. 
8. Buchan, G. D.; Grewal, K. S.; Robson, A. B. Soil Science Society of America Journal, 
1993,57, 901-908. 
9. Method D422-63. Annual Book of ASTMStandards, Amer. Soc. for Testing 
and Materials, Philadelphia, PA, Vol. 4.08. (published annually). 
10. Method D1140-92, Annual Book of ASTM Standards, Amer. Soc. for Testing 
and Materials, Philadelphia, PA, Vol. 4.08. (published annually). 
11. Method D2217-85, Annual Book of ASTM Standards, Amer. Soc. for Testing 
Materials, Philadelphia, PA, Vol. 4.08. (published annually). 
12. Dudley, R. J. Journal of the Forensic Science Society, 1977, 16, 219-229. 
51 
52 
13. Robertson, J.; Thomas, C. J.; Lewis, J. M. Forensic Science International, 1984, 24, 
209-217. 
14. Goldstein, J.; Newbury, D.; Echlin, P.; Joy, D.; Romig Jr., A. D.; Lyman, C.; Fiori, C.; 
Lifshin, E. Scanning Electron Microscopy and X-ray Microanalysis', Plenum Press, 
New York; 1992, 1-17, 341-363. 
15. Graves, W. J. Journal of Forensic Sciences, 1979, 24, 323-337. 
16. McCrone, W. C. Microscope, 1982, 30 (I), 17-25. 
17. Dell, C.I. Canadian Mineralogist, 1959,(5,363-371. 
18. Petraco, N. American Laboratory, 1994, 26 (6), 35-40. 
19. Sild, E. H.; Pausak, S. Scanning Electron Microscopy pt. II; AMF, Illinois; 1979, 
185-192. 
20. Smale, D. Journal of the Forensic Science Society, 1973,13 (5), 5-15. 
21. Fitzpatrick, F.; Thornton, J. I. Journal of Forensic Sciences, 1975, 20 (3), 460- 475. 
22. CHN-1000 Elemental Analyzer Program and Instruction Manual, LECO Corp., 
St. Joseph, MI; 1993. 
23. CC-100 Carbonate Carbon Analyzer Program and Instruction Manual. LECO Corp., 
St. Joseph, MI; 1995. 
24. Skoog, D.; Leary, J. Principles of Instrumental Analysis; Saunders College, 
Publishing, Fort Worth; 1992, 224-225, 374-377. 
25. Western Kentucky University's Materials Characterization Center Procedure Manual. 
unpublished 
26. Wanogho, S.; Gettinby, G.; Caddy, B.; Robertson, J. Journal of Forensic Sciences, 
1985, 30 (3), 864-872. 
27. Wanogho, S.;Gettinby, G.; Caddy, B.; Robertson, J. Journal of Forensic Sciences, 
1989,34 (4), 823-834. 
28. Skoog, D; West, D. M. Fundamentals of Analytical Chemistry, Holt, Rinehart, 
and Winston, New York; 1969, 65. 
29. Method D5373, Annual Book of ASTM Standards. Amer. Soc. for Testing and 
Materials, Philadelphia, PA, vol. 5.05 (published annually). 
53 
30. Snyder, L. R. An Introduction to Separation Science', John Wiley and Sons, New 
York; 1973, 544. 
31. Beam,T.; Willis, W. V. Journal of Forensic Sciences, 1990, 35 (5), 1055-1063. 
Appendix A 
Representative 
X-ray Spectra 
from 
SEM Analysis 
54 
I!os A^i 'iraajQ Suijmoq sqj jo j uouotuj varf Q81 jo uirupads Abj-x aanSy 
o;s , OL , O,!) I I-I 1 I 1 I I I l - l l - l I I -I I I I I I-I.I 
-'
 1 1
 ' I '•I-..;. • ' . ' . ] -
[GMBD 
o,z . 01 
.' [-' .' .'-'-.I. '-','• '-I 
iQi icy 
H"I3J 
F 1 MM ! 
I1 >H 
0 09 
000 I 
0 0 9 1 
oooir; I [V 
I c>| 0 
0 0 9 £ 
00 01" 
.Jj-I.ll U-U-Lujj Ixi-Ll LuLuiLUlljU iJjJ-U-LllJ ll UJJLLU iXu.i.l]j.iJ_LliJ.J.liLlJ_Ll.U.l.l.lj.!XlllJ-l I Lu.J.li JJ-U.ILIJ J j JJ.1 1 I I I I i I i H I ' ' I ' I • M ' 1 ' ' I I I I I I i I i I i I I I I [ I [ i I I I I J) h H ifi frill I i I I I | uJ 0/.^f>SA-onnv 3E3UT'] •2S/.8SI=s-.-|unoo ib^ox 
Ao:i o T : cC'J - i : mnn . );nk; 
S p e d l imi: 6 2 3 2 - 6 0 6 R a n g e : 10 keV 
Total Coulil.s-1.302'12. Linear VS-5000 
Figure 8. X-ray spectrum of the 425 //m fraction for the Bowling Green, KY soil. 
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(indicating the presence of Cu and Zn). 
Spect . ru i r . : 6292 - 6 I 0 R a n g e : 10 ko.V 
) I 'a I1 
i.La 1 
I , a2 
• a I 
M l 
N; 
i k w m i t t f ^ 
- p r - . - p 
P Xa.1 
iKbl 
V,-\ S I-pl 
K Ka 
V l 
taKal 
2 0 
T i Kill 
Ka 1 
Total Counl;:5 = 273 HO . Linear VS-5000 T-,~rT—r-r-.-p.-T-, 1 i . . r-| ! .• I r-pr 
Fc?Ka I 
i k 
FeKbl 
I . > i - • t - 1 
-pr-r-r-T-p 
'1000 
:u.ioo 
2 00 0 
i o o o 
Figure 10. X-ray spectrum of the 600 jjm fraction for the Bowling Green, KY soil 
(indicating the presence of P and S). 
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Figure 16. X-ray spectaim of the 850 /7m fraction for the Plum Springs, KY soil 
(indicating the presence of Cu and Zn). 
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Figure 17. X-ray spectrum of the 180 ym fraction for the Breezewood, PA soil. 
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Figure 20. X-ray spectrum of the 850 turn fraction for the Breezewood, PA soil. 
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Figure 21. X-ray spectrum of the 180 ^m fraction for the Rumsfield, PA soil. 
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Figure 22. X-ray spectrum of the 425 ^m fraction for the Rumsfield, PA soil. 
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Figure 23. X-ray spectrum of the 600 ym fraction for the Rumsfield, PA soil. 
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Figure 24. X-ray spectrum of the 850 ym fraction for the Rumsfield, PA soil. 
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Figure 25. X-ray spectrum of the 180 /im fraction for the Washington D. C. soil. 
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Figure 26. X-ray spectrum of the 425 jum fraction for the Washington D. C. soil 
(indicating the presence of CI and S). 
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Figure 27. X-ray spectrum of the 425 pim fraction for the Washington D. C. soil 
(indicating the presence of Mn). 
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Figure 28. X-ray spectrum of the 600 pim fraction for the Washington D. C. soil. 
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Figure 29. X-ray spectrum of the 850 /um fraction for the Washington D. C. soil. 
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